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Abstract 
The paper presents an original dynamic experimental installation that has been designed and developed at RMIT University for 
the evaluation of snowboard simulated on-snow performance. The dynamic rig comprises two independent pneumatic cylinders 
to replicate rider foot movement, as well as three independent adjustable pressure airbags used to simulate the snowboarding 
terrain by varying their pressure according to the change in the terrain configuration. A custom designed, PLC control system 
allows for the simulation of common snowboard manoeuvres, from turns of varying board inclination, to nose or tail presses, 
board slides, and finally the performance of jumps. The PLC programs can be modified or re-written to simulate a variety of 
terrain features of interest to the investigation. Stress-strain characteristics of the snowboard tested under load are determined 
using a comprehensive strain gauge system. The paper presents in detail the design of the dynamic experimental installation, rig 
calibration and testing protocols. 
© 2009 Published by Elsevier Ltd. 
Keywords: Snowboard; dynamic performance. 
1. Introduction 
The on-snow dynamic performance of modern snowboards has proven thus far to be difficult to measure 
accurately and objectively. The replication of on-snow conditions in the laboratory or with an analytical model, 
including snow forces and board vibrations, rider inputs and ambient temperature is a difficult proposition. Several 
analytical models to date have addressed the effect of such issues on overall snowboard dynamic performance [1, 2, 
3, 4]. However, only Foss and Glenne [5, 6], and Sutton [7] have attempted to reproduce on-snow loading 
conditions in the laboratory for dynamic snowboard tests, whilst only Clifton et al. [8] have considered the effects of 
on-snow temperature on static snowboard properties.
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Furthermore, obtaining objective measurements on-snow is also problematic due to the difficulties associated 
with dynamic data collection setups (such as signal noise and system portability), fluctuating weather conditions and 
the accurate reproduction of snowboard manoeuvres by the rider. Brennan [9] validated a speed prediction 
mathematical model using a multi-camera/GPS system, to obtain position, velocity and roll angle data for a standard 
slalom course. However the system setup was complex and laborious, whilst the rider was required to carry 
approximately 15 kg of instrumentation during the tests. Buckingham and Blackford [10] used piezoelectric sensors 
mounted on a snowboard to compare dry-slope vibrational outputs of different riders during basic turns. The data 
logging system was reported as highly portable, allowing minimal interference to the rider during manoeuvres. 
Whilst frequency spectra outputs were able to be used as a rider coaching tool, the system would be less suitable for 
comparisons of dynamic properties between snowboard models due to the aforementioned test repeatability issues. 
Finally, several prior studies have conducted subjective analyses of dynamic snowboard performance as an 
alternative to the problematic objective tests. Subic et al. [11, 12] characterised the on-snow performance of modern 
snowboards using nine subjective parameters, then correlated these parameters to objective design attributes to 
identify the key aspects of designs across the major riding styles. Darques et al. [13] also described a similar method 
for the design of skis and snowboards, but only applied the process to modern skis. 
The aim of the experimental installation described in this paper was to replicate on-snow snowboard loading 
conditions to the maximum extent possible, allowing reproducible, accurate and objective dynamic tests on different 
snowboard models to be undertaken. Such tests would facilitate the determination of objective on-snow dynamic 
properties (strain or vibration/damping) to aid in the design and analysis of modern snowboards, and secondly 
provide a means for conducting performance comparisons of current snowboards on the market. Whilst similar in 
aims to the rig manufactured by Bucknell University (described by Sutton [7]), their installation did not have terrain 
control, only actuators mimicking rider leg and ankle movements. The paper describes in detail the design of the 
installation, along with the calibration process and testing protocols. 
2. Experimental installation design 
The experimental installation design is shown in Figure 1(a) and (b). Rider foot movement was replicated using 
two double-acting independent pneumatic cylinders (Pneutec model CXP0500060 [14]), capable of imparting 
snowboard edging angles up to ±17° (angles manually set using threaded stoppers). The foot actuation system 
contains two cylindrical joints and associated degrees of freedom; one proximal joint in the Y direction, one distal in 
the X direction and the Z direction stroke (shown in Figure 1(a)). The installation also possesses three independent 
dynamic pressure controlled airbags (Firestone Airide Springs, model 22D [15, 16]) used to replicate a varying snow 
surface. Each airbag is capable of applying a variable force up to approximately 500 N (in the Z direction), and the 
locations of the airbags are fully adjustable (laterally and longitudinally) to ensure simulation freedom. Thus any 
desired loading conditions can be applied to the snowboard tested to simulate any on-snow manoeuvre. The full 
dynamic system is enclosed by a structural frame and plexi-glass to ensure the safety of the operator.
A custom designed, PLC control system allows the simulation of common snowboard manoeuvres, from turns of 
varying board inclination, to nose or tail presses, board slides and finally the performance of jumps. The PLC output 
can be modified or re-written to simulate a variety of terrain features of interest to the investigation. The full electro-
pneumatic system is illustrated by the schematic in Figure 2. To consider firstly the pneumatic system, the 
compressed air supply (85 psi) feeds air through a regulator into both the three airbags and two double-acting 
pneumatic cylinders (feet actuators), via MAC PPC93A proportional pressure controllers [17]. The controllers are 
reported as fast responding and accurate, due to constant feedback from downstream pressure sensors. Thus both the 
simulated feet and snow surface force inputs on the snowboard tested can be rapidly varied as desired, to replicate 
any series of on-snow manoeuvres. Conversely, the electrical system links the simulation program inputs to a 
processor (Fatek FBs-24MC [18]) which provides the input signals to the five respective pressure controllers. A sub-
system also links the strain gauges fitted to the test snowboard to a DataTaker DT800 [19] for strain measurements 
via a standard Wheatstone bridge completion box. 
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Figure 1: (a) CAD model (b) Manufactured installation 
Figure 2: Electro-pneumatic system diagram 
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3. Calibration 
In order to fully calibrate the installation, the exact force output response of each airbag was required. A force 
measurement system consisting of a load cell on a rigid stand was implemented within the rig, between the upper 
structural frame member and each airbag in turn. The PLC input for each airbag was then varied incrementally and 
the force output measured. Three force measurements per input were taken and the results were averaged. The load 
cell system and calibration setup are shown in Figures 3(a)-(b), whilst the averaged results of the calibration are 
shown in Figure 4. Dynamic properties (natural frequency and damping ratio) of the airbags were available from 
manufacturer data sheets [15, 16], and hence were not examined in the validation process. 
Figure 3: (a) Force measurement system (b) Calibration setup 
Figure 4: Airbag calibration 
It was noted from the calibration results that the non-linear airbag responses were of similar nature, however 
there were notable differences in magnitude of the force outputs. The discrepancies were rationalised as a result of 
different piping lengths and hence pressure drops within the system, though without further pressure measurements 
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taken within the pneumatic system, this cannot be confirmed. As a result of the different response profiles, the PLC 
inputs for any simulation conducted were scaled to ensure the same forces from each airbag were applied to the 
snowboard tested. The average standard deviation in force measurements for each airbag was very low however, 
between 1.2 and 2.9 N. Thus, despite the different airbag responses, the overall force control was highly accurate. 
4. Testing protocols 
To fully evaluate the dynamic performance of each snowboard tested in the experimental installation, a 
comprehensive set of simulations were designed. They aimed to replicate standard snowboarding manoeuvres 
performed on-snow by the rider, who was assumed to weight 75 kg. Four basic manoeuvres were modelled, which 
are listed and described in Table 1. These manoeuvres were then combined to form a general snowboarding track, 
which is shown in Figure 5. The track design parameters of turn radii (R1 – R4), jump height (H), slope angle (θ), 
rail length (L) and initial rider velocity (V1) were all varied throughout the dynamic tests. 
Table 1. Manoeuvre descriptions 
Manoeuvre Description 
Turn 
The board is put on either the toe or heel edge by the rider and pressed into the snow, 
causing it to have a circular path of defined radius. For initiation of the turn, the rider 
transfers weight to the nose of the board on the relevant edge, whilst for turn exit, the 
opposite weight transfer occurs. 
Jump 
The rider weight is transferred towards the tail of the snowboard as the nose and tail are 
lifted off the snow in succession. For landing, the entire board impacts the snow at the same 
time. 
Press The entire weight of the rider is placed on the nose or tail, where the opposite end of the board is raised off the snow. 
Slide The weight of the rider is applied only to the body section of the snowboard (between the legs) as it travels across a thin structure (beam/rail). 
Figure 5: General track schematic 
Forces on the snowboard during the individual manoeuvres were determined using analytical dynamic force 
balances. For the turn simulations, arcs of various radius and speed were modelled, utilising the analysis conducted 
by Michaud and Duncumb [20] to calculate the total snow reaction force and snowboard inclination angle. The total 
reaction force was then split over the three airbags, with respective magnitudes dependent on the selected weight 
A. Subic et al. / Procedia Engineering 2 (2010) 2605–2611 2609
A.Subic et al. / Procedia Engineering 00 (2010) 000–000 6
distribution. The nominal distribution utilised for the turns was an even division of reaction forces across the three 
airbags. For turn initiation however, the turning reaction forces are progressively applied from the nose to the tail 
(and the opposite for turn exit) using 0.1 second time lags between airbag inflations.   
The jump simulation was broken into two separate modelling phases, to characterise the jump itself and the 
associated landing. To model the board lifting off the snow for any jump, the distributed weight of the rider is 
progressively removed from the airbags (from nose to tail), again using 0.1 second time intervals. Basic energy and 
momentum theory (using a default impact time of 0.1 seconds) was then utilised to determine the landing impact 
force, which is equally distributed across the three airbags. 
The press and slide simulation models aimed to address the freestyle (terrain park) aspects of modern 
snowboarding. For the simulated press manoeuvre, the entire weight of the rider is applied to either the nose or tail 
of the snowboard tested using the shortest time scale possible for airbag inflation. It is noted that this simulated 
manoeuvre neglects the slight impact force present as the rider completes the press on any structure. Similarly, for 
the slide manoeuvre (performed on thin rigid structures), an identical simulation approach was utilised, except in 
this case only the centre airbag is inflated, applying the rider’s entire weight to the body section of the snowboard 
tested. 
5. Conclusion 
This paper described an original dynamic experimental installation that has been designed and developed at 
RMIT University for evaluation of snowboard simulated on-snow performance. The dynamic rig comprises two 
independent pneumatic cylinders to replicate rider foot movement, as well as three independent adjustable pressure 
airbags used to simulate the snowboarding terrain by varying their pressure according to the change in the terrain 
configuration. A custom designed, PLC control system allows for the simulation of common snowboard 
manoeuvres, from turns of varying board inclination, to nose or tail presses, board slides, and finally the 
performance of jumps. 
The experimental installation described allows reproducible, accurate and objective dynamic tests on different 
snowboard models for different terrains and ride conditions to be undertaken in a controlled laboratory environment. 
Such tests would facilitate the determination of objective on-snow dynamic properties to aid in the design and 
development of modern snowboards, and secondly provide a means for conducting performance comparisons and 
benchmarking of current snowboards on the market.  
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